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I Introduction 


In November 1935 there developed over the United States a 
weather situation which was e despair to the synoptic meteorologist 
who devended eolely upon the surface weather map. By the vee of suré. 
face indicatiors alone in tris p oblem it was difficult to visualize 
just what was taking slace in the atmosphere, and it rae more ii:fi- 
cvlt to predict, *itn a comfortable degree of confidence, the future 
jevelopment of the weatner. It is the rurrose of this paper to take 
this veather seq-ence which presented a perplexing preblem to the 
surface map analysist end examine in detail the -p er air data with 
the object of finding a clue to the causes of t!-e development of 
the situation, and further, to investigate the possibility of having 
made a reliable forecast in the light of such analysis. The period 


covered is November 22-24 (inc.), 1936. 


In order to investigate and coordinate the upper air data the 
following tools of analysis are used: isentropic charts, sslected 
vertical cross sections of the atmosphere and 24 hour pressure 
crange maps for the surface. The usual 8 A.». surface vaps plus 


the 6 P.M. map for the 24 rd are also included. 


ie, 


mi Pmewient & 


Gwar DEtLEY od s000 Leewtieee even TPGL oudemres of 
peers Ermey ae OF Mere © oer Cult mided in tet lew 
re) of am whew ware al el atl Risa ow 
qolsciod ar Hentttts so 41 wlle-e oli at Sate eUcHaree” 
tie TNS Ria Sl) AE SS hal” 
bldieee > Phere vir 








aan ie 
——— ont at fn | - 


7 e { - 
- _ we ; : ¥ z — 1&4 r* 
| | J : Pe 
a a  - = : . 
’ = r 








YI General Teather Situation 


A very trie? cercription cf the wornther situation will now be 
made with the underntanding that a more complete analysis of per- 
tinent features will be included in the detailed day-by-cay study. 
Cur chief interest lies in a cyclone which developed as a secondary 
of a mapin disturbance over the Dakotss on the ?end, lay over Illinois 
on the 23rd and on the 24th swept over southern lew “nglend giving 
that region moderate snowfall, the first enow of the year at many 


points. 


wap @2 sheve the veneral weather eituation on tim morning of 
November 25, 1955 which is the midway point in tne situation inves- 
tigated. Over the northeastern part of the [nited States there has 
been an invasion of Pe air wich hea given that section unseasonably 
low temperatures. Over the southeastern part of the co-ntry there 
ie Npe over which Tg is beginning to advance nortoenstward from tne 
west Julf region. From the racific ’p has penetrated to and includ- 


ing te Vocky »ountains. 


The cyclone centered over Springfield,Illinois originated as a 
secondary of a main disturbance which lay over the Dakotas 24 hours 
previously. Ae will be seen, the cause of the secondary formation 


waa advection of relatively warm air aloft. “The effect of ‘this less 
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dense air is begin: ing to be felt at the surface on the morning of 
the 2°nd. nN map #7 toe conto r of the isobare over Nebragka and 

South Dakota ie siw,geetive of a secondary formtion. As experience 
has shown, a secondary is useumliy fermed arg the result cf a wave on 
@ quesi-stationary coid frent, or occasionally one is formed at the 
junction of a warm and cold front of an old occluded cyclone. But 


cyclozenesie in this example appeare to belong in a different cate- 


TOry 


The ?.9, surface sap of the 22nd not included in thie report, 
shova that the secondary hea dominated the primary dieturbance and 
taken over the energy of the system. In fact the primary has all 


but disappeared at this vcoint. 


The sressvre tendencies around our cyclone on the morning of 
the 23rd show that on the whole they are positive and from thie it 
Fould appear that the disturbance ie filling up. ‘lowever, the in= 
dications at the aurface are wasking the ectivity aleft and, by 
following the weather sequence it is found that the eyntemmoves 
along with undiminished intensity. A supply of Tg air at upper 
levels, it in found, hae supplied enough energy to mainiain the aye 
stem. It is further discovered that this supply of warm, moist air 
is cut off from its sourco which fact would indicate that tho dis} 
turbance wo ld not intensify much more. Map ©35 for the 23rd P.b. 


and map “4 for the 24th A.i’. shom this to be the case. 
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The only frente with which we are concerned in this investiga- 
tion are those associated with the Jisturbance discussed above. On 
November Olst an oecluded front entered the continent fron the Paci- 
fice in the resion of Sitka, Alaska. As sugsested by surface indica= 
tions and checked by upper air data, this occlusion was of the warm 
front type with an upper level cold front (1). ‘Thies frontal pattern 
swept southeastward until, on the morning of the 24rd ve find the 
occlusion extending from Fort *orth northeastward into the center of 
pur disturbance. The position of the uprer level front at this time 
is approximately parallel to that of the occlusion and lies in ade 
vance of it. Presumably, «he warm air trapped aloft ahead of and 
above the upper cold front is dry Npp since there has been no measure 
able vrecipitation associated with the advance of the system. liowe 
ever, on the morning of the 23rd advection of Tg hae increased the 
moisture content of the air displaced by the upper cold front suf} 
ficiently to give active precipitation over east Texas ,nd parte of 
Lozisiana and Arkansas. A front separating Pe and Npe and inactive 
from the standpoint of precipitation extends from the cyclone center 
southeastward through eastern Kentucky on the 23rd A.t.. As will be 
shown, intensification of this front takes place on the 23rd. Fronto- 
genesis also becomes active at, roughly, the position representing 
the intersection of the occlusion surface with the ground. From this 
position our nev cold frontal surface slopes up and back toward the 


west. “he following sketch illustrates the frontal structure on the 
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3rd A.i. if an east-west section vere passed south of the cyclone 


center: 


Np 


Fp 
Fn + Re IN PC Fc 


The guestion still remains: Can the situation at the surface 
be explained by an analysis of upper air data and can such analysis 
aid in predicting the future weather? 3S3ut first a word on isentro= 


pic analysis. 


AS 
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Ifl A orieP Description of Isentropic Analysis 


and Tecnnique of Application 


Before procending with the study of the upper air date it is 
considered appropriate at thie pcint to review, in a very abbre-~ 
viated facnion, isentropic analyeis and its application to the 
daily weather situation. This section may well be passed over by 
thore thoreuchly familiar with the subject. Tor those not so con- 
versant, it is hoped that a brief review will help to throw light 


en the analysis to be undertaken in fection Iv. 


Profeesor ©.G. "ossby is chiefly responsible fer the developuent 
of isentropic analyrina. A study of references (2,5,4) written by 
Roaeby world be sreatly beneficial +o those interested in the subject. 
An illuminating exauple of euch anelysia by J. Namieas is listed in 


reference (5). 


In the atmoepheric layers well removed from the surface, pro- 
ceases are approximately adiabatic. This means that. individual 
particles tend to maintain et constant value their entropy and hence 
potential] temperature. Therefore if ea patticle moves, its motion is 
confined te the isentropic sheet whose value of potential temperature 


ie the same as that of the particle. 
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Non-adisbatic processes include radiation and condensation 
(evaporation). Radiation is a very slow process in the free 
atmosphere. Even at moisture ciscon‘in ities the precesse is 
relatively slow. Condensation is limited to fairly small ereas 
along active fronts and to rezions of penetrative convecticn. 
These non-adiabatic phenomena do not invelidate the utiilty of 
the isentrepic concept but should be kept in mind and allowan- 


cea made when applying the rrinciple io actual casea. 


Another relatively conservative property of an individuel 
particle @e ite specific humidity. This property is used es an 
indicator in tollowing the movement of the various particles witne 
in the isentropic sheet. “he winde ere aleo useful in following 


the particles’ trajectories. 


It le apparent thet an isentrepic surface is not a surface of 
equal altitude. Mean valuea of potential temperature (6) through- 
out the atmosphere indicate that the 6 surfaces on the average slope 
upward toward ‘he poles. On the other hand, mean values of specific 
humidity (q) shor that the q-surfaces generally elope uprard tonard 
the equator and that the slope angle decreases with elevation. Of 
course the ccntour lines of 6 and q for any one day may vary widely 


from the mean. 


Isentropic mixing, i.e., mixing of the particles within the 


isentropic surface, is often an active phenomenon. The intensity 
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of auch mixing ia,farr sugeeete. a Ponction of tne vertical ata- 
bility (5). The relative velocities of the air c orrents einiler- 

ly avPect the Intensity of mixing. If an wir current in moving 
relative to an adjacent bedy of air it will tranefer some of its 
momen*tiwe Lo the other amea thorough enear and drag effects, cavsing 
s\-pergradient winds in the relatively stationary body and iteelf 
receive a subcradient wind ea a rerult of the interactive exchange 
between the two meves. as stated, thie Auvstausch in extensive and 
takes ~-lace on @ much larger scale tian does verticai mixing. The 
order of magnitude of this ratio is 50,00b:]. xchange is net limit- 
ed to momentum but applies te other preperties of the air masser ine 


volved, especially srscific tmwmidity. 


Sriefiy an isentropic chart ie prepared an follows: cata ore 
obtained from the various aerological stations. A evitable 6 -gure 
face (isentropic wurface) is choeen so that it ie low enouwch te shor 
moisture differences clearly and yet not lon enoush to suffer from 
the non-adiabatie and turbulent influencenm of the cround. The height 
of the aurface (2) and its moisture content (q) over the aeroliogicr 1 
etetione are interociated for from the data and entered on the vwauval 
surface map. “he winds at the various heights over the aero. ogical 
stations are entered. Ueight lines( dashed lines) are now drawn for 
every 5CO meters altitude. Fith the height of the © surface ten= 
tatively established at ell points, winds from all pilot. ballon ate- 


tions can now be entered. Lines of equal q (full lines) for every 
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one~or two-sram values are then drawn. Care muat be exercised in 
drawing 2 and a lines because of the scantiness of data obtained 
from relatively few aerological stations. There is no unique 
solution but a multitude, most of which would be entirely wrisleadings. 
Considerationa set forth later may be used as a guide in developing 


the technique. 


The isentropic chart is drawn in cenjunction with tne cross 
sections so that the tvo harmenize to cive the moat probable solu~ 
tion. A cerees section is a vertical section of the atmoepnere taken 
throuch aerological stations that lie roughly on a straight line. 
Over each station aq and & values are entered at the corresponcing 
height of the significant points. Lines bf equal © for every 5 “to~ 
gether with linee of equal q are dramn. Winds are entered at the 
proper levels and in such a way that their direction is oriented 
with the relative position of the stations. For instance, for a 
seetion going from north to south reading from left to right, an 
east wind is plotted as blowing from the top of the diegram. Ae 


indicated befcre the lines on both cross sections and isentrupic 


chart sre adjusted to agree with eacn other. 


Cther data entered on the isentropic chart ere relative hunide- 
ity and shen desirable, preesure change betreen congecutive 5° igen 


tropic sheets. The latter quantity is usually t ken as the differ= 
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ence in pressure exieting at the isentropic surface selected and the 
one 5° below it. This gives an idea of the mass of air contained in 
the layor at various points. The greater the masse, the less is the 
stability within the layer. “hen compared with the same data for 

the previous day one gets an estimate of the mass change within Lhe 
layer,i.e., convergence or divergence of masse. If nolnon-adiabatie 
processes have taken place, the total change in masse throughout the 
layer encompassing the earth should be zero. However, it varies con-~- 


siderably from point to point. 


The following tentative conclusions regarding isentropic analy- 
sis have been made by ©.G. Ros«by (3): 
" 1. Isentropic flow patterns ere simpler than corresponding 
frontal patterns on the ordinary weather map. 
2. Isentrepic flow patterns appear to ba fairiy stable and 


ma! 


change only slowly from day to day. This ateability sould be of po- 
tential value in forecaeting. 

3. Lines of constant specific humidity and contour lines are 
nearly, but not quite, parallel. It appears thet rerionse of vertical 
motion way be determined from the intersection of thene tac sets of 
lines on the isentrovic charts; the resione of marked ascending motien 
thus indicated aeem to coincide with the precipitation areas on the 


corresponding ordinary surface weather maps. 


4. “he flow patterns inlicated by successive lines of constant 
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specific humidity and successive contour lines agree in a general 
way with the observed wind Jdiatributions but, 

5. igertropie tonsvues of maxinum or mininwm noiesture content 
advance lees rapidly then one should expect Crom the opserved wind 
distribution, indicating intense mixing between the tongues and 
their environment. 

4. The weight of a leyer enclosed between wo s per-imposed 
ieentroa.c avrfaces may be expresesel tro oh @ wet of lines for cone 
stant weight. “hese “isobares” are aoproximatel, paraliel to the 
sir@um limee on tie leentrovic crarte any may ve cB®i tor . terkin= 
@‘ions o° cunveryenee a. divergence. 

7. to iewentrovic curretit systems analyzed up to Ne present 


Dime die-lay a provounced tendency to break up into large anticyclonic 
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IV Vpeer Air Analysis of tha Feather Situation 


Ter the -pper air enalysie the fellowing charts are presented: 

Ieentropic charte are drawn for © =300 “and 9 = 285°. Since 
the sir mass contrasts with reevect to tenper@ivre are so larece in 
thie situation it ?clioms that the height of an Iron roric evrface 
vesrior considrrabiy. Tn some canes the 300" suriace in toc hirh to 
show clearly the moisture distribution and for this reason the 285° 
surface ie added. Veerite the fact that the letter coce inte the 
ground in some areas it ie ewployed te shor the moisture (istribue 


tion at the lower levels. 


There are four sete of croes secrians of wich two are northe 


2outh and two ars ocant—west: 


Worth-South Kerth-South Fest—Up st Yeet—Tast 
Fargo favlt Ste. Marie Oakland Tl Paso 
Omaha vetroit Salt, lake City Gan Antonio 
Oklahom City ayton Cheyenne Shrevepert 
San Antonio Nashville Pia Vontyomery 
v ontgomery 5%. Louie 
Pensacola Dayton 
Feshingeton 
Lakehvret 
Bor ton 
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In addition, eurface O%-hour pressure change mapa are inc iuded 
gineo they are helpful in the censtruction of isentropic charts. In 
general, an isallobaric high indicetes an invasion of cold air and 
ecnsequent rairing of the G-surface while a low cigmities the eppo= 


cite. 


In the diseussion of the various charte ani mecs, only the fea= 


Lures pertinent Lo thie analysis will be examined. 


November 2end A.!. 
im the surface map 71 for thie date a bedy of Pe alr ic seen 
advancing southward over the contral and eastern part of the country, 
dieplacing Npe before it. Air of Polar Pacific origin mevinz seuthe 


eactward over the northrestern ttates is also replacing kpc. 


Cyciosenenie ir active aver Nebraske end harsas with the result 


thet a seconidery is foruing near the wein disturcsance which lies to 


cP 


he northveetward. Attention is called to an isellobaric lew of (~-) 
14 evor Cmeha which suggests the direction of noverent of the syetem/ 
Surrovunuing our disturbance are three well formed antisyciones. That 
containing the Pp air is most notable with a 50.50 canter. ‘he Pe 


Meh is building up while that in the Kpe air mass is slowly weakening. 


De ee ee ee or ee 
oe re (beet D eviierrtewo GF 66 ihn te Ge monte 
he obs Me ‘e —a(Pare oF ewer Celt Oiler il eed oe . tees 
=~ a =’ gel dots wi 8 Line sethi<é of”  oliede) fen ereers 
welts 
ws ? 
pa wr’ yhor gem bal aftets gutless otf To lee wh of 
” janhowet wt ‘ihe Lleulae AAMAS Anahttee! perl 
: - 


—_ e * ® 


oo Oe 
mete) Ve Geet bw ot) wt A ee ore oe 


en ee ee 
eee etter cet et teet rete) Wy Uhh off erie Ae) gett eeie 
LT ele tt ORR! STINT a! TE Hee 


in ses 


a ee whe mt! tee ow lt Of Egat ee 


ene ino) eo entetion 01 mndzensrEr istectestemes @u 
' 1S ear SON ee am! Ge AL 
mee dew ews oe meet a nd mer 
5 RAED ern nnses 


» 


>» 


= 








The boundary between the Pp and pe is a warm front typ occlu- 

gion with an upper level cold front Whose structure may be etudied 
ceed S Liens. The e of discontinui between 

in suc ling cross sections The lin f discon ty bet Pe 


and iipe later becomes the warm front of our formin: cyclone. 


The 300° isentropic chart,#5, for the 22nd helps to clarify the 
surface map and, more importently, sives a clue to the future develope 
ment. As suspected from the surface system, it reveals an invasion 
ef eccld dry air fron. the north lying east of the bississippi River. 
Tne coldness is reflected in the great height of the surface, and 
the extreme drynees by the fact that the 1 gram specific humidity 
line extends to the Gulf of Wexico. The winds and contour lines 
strongly suggest that thie protrusion will extend well into the cen- 
tral United States into which arerm our secondary disturbance has 
shown definite signs of entering. The origin of this moisture is 
presumably the Gulf or the Caribbean from whence it wes carried in 
an anticyclonic eddy to its present position. Another fairly moist 
band extends from Southern California northeactrard over the Lako=- 
tas. Its warmth is indicated by the deep trough in the height lines. 
The Winds sugsest that this tongue is cut off from further moisture 
supply of Pacific origin. Moreover, ite narrowness renders it suse 


ceptible to dissolution througn herizental mixing with tir ary air on 


both sides. Likewise, mixing will tend to modify the dry tongue be= 
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tween the two woleture bands discusssd above. Then too the winds 


indicate that the dry wedre is retreating. 


What relation doas thie isertropic pattern in tne weet bear to 
the syetem snovn on the surface map and what can we reasonavly ex= 
pect to nmappen? rirst, we can say trat the band Gf worm air to tre 
northwest on our G-q chart is an isentropic croas seetion of tne warn 
air of racific origin lying above the occluded front. It appears 
thet the advection of this leas dense air leada to cyclogenesis 
wnich, in fact, is taking place as surmirned from surface iniicationse 
But thie warm, moint air is in creat danger of ccnsiderable modifi- 
cation by the dry alr on each side of it with the probable result 
that cyclogenenia will be checked or that even anticyclogenesis will 
get, in unless some other influence is brought to bear. It appears 
that the moist Tg current will offer tnie reinforcement. Thin flow 
ie directed toward the indicated future position of the diaturbance 
center. “ence, it im lorical te assume that.a fairly well developed 


i 
center will appear shortly over the central Lnitedc Staten. 


4 4 
The 285 G-curface 4, for the 22nd shows the same featurer in 
@ 
the eastern part of the country as the 30C eurface., In the Roeky 
< 
Mountains area the 285 chart cannot be used eince it intersects the 


rround. 
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The hour prosesure chenze map *20 shove @ ceneral rise east 
of the “issiesippi which Ze associated with the invasion of coli,dry 
air Proa the north while the lealloberic low in the wostern part of 
the country indicates the displacement of one air mace by another of 


lower density. 


The cross sections for the 22nd which were drawn concurrently 
with Lhe isentropic chart, fer the same date added further light on 
conditions aloft. In the *] Paso-Yontromery section, 13, the main 
feature ie the moisture inversion over %1 “aso. na moeeific hweid- 
ity increases from 2.1 srame at 170C meters to 5.3 at POC. The 
Goutherly and southeasterly winds indicate the probable origin of 
this air as Vs. Adjacent to this meletgcurrent moving nortimard is 
a dry current moving southward. “he horigental shear and mixing be= 


tween the two muet be quite intense. 


in the Cakland—Boston section,”12, air ot Veacific orisin is seen 


replacing one of Canadian origin. There appeare to be no elicing up 


~y 


of a ig Yaci 


a7 


iC Gir over the Canadian air since the latter ir noving 
eartward faster than the fermer. Thier would seom to account,in part 
at temst, for the lack of pracinitation in connoc'ion with the occlud- 


ed front. 


The two north-seuts ssctions,“11, show the advance of Pe fram the 
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north. In both of these sections convergence is observed in the 

frontal zone. In the Fargo-San Antonio chart the amount of moisture 
above the frontal surface is insufficient to sive precipitation but 
tnere is snow falling just to the east of Sault Ste. carie-lensacola 


section. 


November 24rd A.wjie 


The A.M. surface rap for thie date, #2, ehows that the situation 
has developed about ae might have been expegied from tne previous — 
analysis. The secondary found on the map for the 22nd now has a 
clored circuiation of its on and the former primary cyclone as 
disappeared. In fact the map for the evening of the 22nd (not in= 


cluded) shows that the primary had all but filled up at that time. 


The southward advance of Pe to the east of the disturbance has 
been halted and indeed the Pe-pe boundary has become a werm front 
within the cyclone. iiovwever, Pc is seen pushing southward to the 
weet of the system and the chances fcr the formation of a secondary 


cold front appear favorable. 


The sir of Polar Pacific orisin has continued a fairly rapid 


advance (about 5060 miles in 24 hours) and we now find the Pp=Npe 
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front extending frem the cyclone center southwestward to Fort forth. 
Aloft and in advance of thie porition lies the upper level cold front. 
Behind this front rain is falling over east Texae and parts of louise 
jana and Arkansas. from the surface map it is dirficuit to say whether 
this precipitation is the result of upglide over the rp~i-pe front or 
is caused by forced ascent from the advance of the upper cold front. 
What dees appear certain is that Tg air must have come into thie 
region aloft and added enough moisture to “vive precinviiation from a 
frontal system that heretofore head preduced none. The snow felling 
at scattered points in the Great lakes region is the resuit of inste-~ 
dility in the Pe air waese which has picked up moisture and heat in 


the lower layers on passing over the lakes. 


Now let us examine the reports from stations in tae cyclonic 
area. We note that the lowest pressure, 29.04 at Sprinsfield, Ill., 
ie practically the same as the lorest pressure (29.62) reported in 
the secondary 24 hours before. Cn the evening map of 22 Kovember, 
12 hours previous, the lowest pressure reported was 29.72. From 
these considerations alone it. would seem that. the system deepened a 
little and then began to fill. This hypothesis of fillings becomes 
oracticaliy a certainty upon examination of tho current pressure ten- 
dencies in and around the system, all but two of which ére positive. 
If the analysie stopped at this point the forecaster should log- 
leally expect the disturbance to filleorpletely in shert ordor and 


cause no more treuble, at least as far distant as Boston. However 
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there is a factor in the surface reports that is disturbing to the 
mind of the forecaster who makes the above prediction and that is 
the rain to the scutlmest of the center. This precipitation im= 
plies that there is a possible vush of Tg air aloit from tue vest 
Gulf region and the reported cloud movements Yrom tne scutnrest 
strengtnens this supposition. If this is true and if the warn, 


») 


moist wir reaches the disturbance it might supply enough net energy 
+o wmaintein or even deepen the systeme It is apparent that in work- 
ing only with the surface map the conflicting indicatione make the 
forecaeter’s job anything but easy. Me must turn to upper air anal- 


ysis to supplement the facts gained from the surface map. ‘et us now 


so proceed. 


The a0" isentrovic chart,/7, for the 3ru displays more moisture 
contrasts and contains more rell defined flow patterns than that for 
the previous day. “The most pronounced feature of the chart is the 
narrow tongue of woisture which now extends from eastern “exae north- 
westward, then curves anticyclonically. ‘This tongue,or course, ie 
identified as the one which was just waking its presence felt over 
New bexico the day before. There has been a general decrease in the 
height of the eurfece in the vicinity of the moisture invasion,as is 
to be expected with the advection of a warm current. In 24 hours 


the surface over Shreveport has cropped from 2580 metere to 1820; at 
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St. Louis from 3310 to 2620; at Washington from 4070 to 34350. The 

dry tongue which, the day before, extended roughly from Lake Erie 

down to Louisiana has now curled around anticyclonically in its 
southern portion and has been cut off from its northern source by 

the tongue of moisture. The northern part of the dry tongue has 

been translated or shifted eastward and its axis is now off the coast. 
The two currents, moist and dry, compose an anticyclonic eddy center- 
ed roughly over Nashville. The mo ion of the two currents tend to 
maintain the directions indicated on the chart, but the whole system 
is subject to translation by the general circulation whose direction 


in this area is toward the east. 


Evidence of the lateral mixing is well illustrated in these two 
currents. It is to be observed that a "bubble" of moisture over West 
Virginia has detached itself from the min moisture supplye Narrow 
tongues of air are subject to intense mixing by surrounding air masses 
which tend to alter, among other properties, their moisture contents. 
This is precisely what has taken place. The result of the mixing is 
such that over Kentucky the air is drier than on either side along the 
moist tongue axise The same process has likewise affected the dry 
tongue. It is seen that off the coast in the region of the Virginia 
Capes the air in our isentropic surface is more moist than on either 


side along the dry tongue axis. 
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The other two bands, one moist and the other dry, wich lay to 
tne northwest of our Tg current tne day vcefore, have disappeared. 
As #es eurmised at the time the crevious chart Wan uiscussea, inter-~ 
active sixing hae so neutralized them tnat they are indisting-ish=- 
able on the present chart. Another possible exp:ienetion is that 
tie two moist tongues merged and that the dry one retreated and come 
bined with the large cold invasion that came in from tre region of 
British Cclumbie end now lies with ita axis over Minnesota. 

» ° 

The 285 surface,%, reflects the indications of the 300 eure 
face. It is to be noted, however, that the Tg current exis in the 
former is displaced a little to the wentward. 

"he iseallebaric highe and lews on the 24-hour pressure change 
man for thie date,721, coincide nicely with our cold and Werm cur- 


rents respectively. 


Let us now attempt to associate the features of our isentropic 
charte (principally the 300° ) with those of the surface map. ¥e can 
at once that the horizontal ponetretion of the moiet current aloft is 
much more extensive than would be judged from the eurface data. In 
this flow we have a zood source of energy for our cyciome if it con- 
tinuea to feed moisture into the system. If we decice that it will, 


we can lock forward to ea decpening of the disturbance and heavy 
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amounte of srecipitation. In conflict with the supposition is the 
filling tendency in and around ovr system as exoressed by *he gener- 
eal rise in preseure. Thies would suggest thet the cold air Crom the 
northwest is making its influence felt. At this point ve are un- 
decided as to wnat prediction to make. It cepsnds for the most 
sart on the movement of the cyclone and the movement ci the current 
systema. At the moment ovr disturbance is partly in one current 
and partly in another. By noting the relative vreasure Lendencieosr 
and the direction of the warm sector lecbars we should judge ty. 
movement of the ayster ta be roughly east-nortbeastward. (“he jus- 
tificetion ror the term warm sector will be made later). By extra- 


roletion end by study of tre praesent flow pattorn and the winde it 


would anpear thet the two currents should be translated in the 


pate 


same airection as the cyclone and at the seme time each curve off 
sligitly in en anticyclonic fashion. Another point for ceonsider- 
ation is that ovr moist current is open to its source of water 
Vapor and should not be destroyed completely by mixing. By mixing 
with this moisture-rich flow the dry current should gain in weter 
varor particularly in jts adjacent boundary. tence if cur disturh= 
ance comes under the influence of the ecld tongue it. wil] not be 
entirely lackins in moleture. Still the nituation is a border line 


eaee from the Poreceaster's standpoint. Ye hopes the’. the cron: 


sections will sive him definite clues one vay or the other. 
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Tertunately the Oakian-Lestica cross section, 15, passes just 
gouth of the cyclone center and furnishes us an excellent picture 
of the frontal structure. Ye note first the warm front separating 
Pe and {pe and the differences in teaperatures in these alr mmaspese 
Now consider the warm front type of occiusion Witn the attensen 
uprer ievel cold front. Ye see thet the order of warmth of tne sir 
gwasees involved im Npr, Pp and Ape which wculd result in the placing 
of the fronts as drawn. A ecid front intersecting the ground hes 
appeared ir aprroximately the position where tne occiugion mee ts the 
ground, ais ie the result partly of advection of cold Po down the 
western aice of the cyclone. Another centributing cauee is cocling 
of the air oy evaporation. ithe pilet's romarks during the morning 
aseent over Omaha stated thet it ws snowing and raining aloft and 
yet only @ trace was reperted at the eurface. The relative humidity 

o 
on the 285 @-surface over (maha im 1005 whereas it is much lover at 
other asrolopical atetions in the generel vieinity. Thus it is loge 
ical to suprose that cooling by evaporation vas not an inconeiderable 


facter. 


The =l] Pase~lentoomery rection, "15, shows the sane  seners! fea~ 
tures as the one for the pravicus dy. The only modifications are 
that the meiet air flow i¢ now richer in water vavor and tat the 


area Of maximum moinature le closer to the ground. 
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throqueh the dry and moict eurrenta and scide frow pivins uve our 


wetieional mdieture from ancther angle tmrors no ter light 


c 4. 


Cn tiv game chart, the Sault “te. darie= enracola cross sec~ 
tion is very enlightening. dGefcore examining it a word about a 
recent idea of “rofeesor voretby'’s should be aprropriate. The idoa 
ie subject to Turtier iInveatigation and haa not yet heen oul ll shed. 
Only ihe eonditione of te problem and the reevliea will be eteated 


Vv 


without going into he demonstration. Given a norin-scuth section 


409. 2. 


thresh) the atmorephere with potentéal temperature surfacer cloping 
fe stern in Pisure 1 and the wince westerly aloft ani et the sure 
face. Wow acsume that under conditions that mmey be demenstrated ae 
poerible the eurface weet wind te the mouth incresren or rermings 
the same, but that in gecing from ecuth to north the surface vest 


winde decreese or even shift to the east. Then the G<surfacee will 
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tend to arrrasge themselves as s ova in figure 2. Tne surfaces nave 


7 


incereserd their slone and there has been @ packing of te surfaces 
te the eovtn and a grester anacing te the north. A packing cf the 


O-surfeces and e@ sternening, of their slone is aseociated wil.n fronto 


menesis which of ceurse Includes frontal intensitication. 


An ex@Qriinetion of the Sault Ste. Marie-Pensaccla section reveals 


that avproximaiely these conditions are being; fulfilled in the region 


? 


of our warm Trent. -ience we may expect intensification of this front. 


&Kwe 


At any rate We note considerable convergence in thie zone which is 


suggestive of frontoyeresis. Turtoiermore, the roisivre content, here 


e 
o: sours as s@en on tae 400 surface amd 


eo 


hee increased in the laet 
there is a strons suggestion ef up-slope motion as displayei by the 
eentour lines of specific humidity and height. The relative lwnidity 
over St. Lovie on the 3CO° map is 39% while over vayton it is 71° 

"Ty 


@nicn fact further s.vrengtiens this suppesition. Lut the Seult Ste. 


tion 


e 


Marie-“siisacola croes section ghors that the moisture distr 
most invtiwately associated with the warm front lies in layers below 
ine z00" eurface. The 285° surface, according to this cross section, 
shevs a representative distribution of the specific humidity lines. 
Ye aiso note in te contour lines of specific “wmidity and height on 
the 285” surface e strong suvgsestion of up-glide motion by moisture 
in our frontal area. The relative humidities here agein vear out 


thie idea. Going from Nashville to St. louis te Dayton the relative 
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humidity incresses from 18% to 56° to 55°. 


llow thal we poseees the additional information of frontogenesis 

in connection with both a cold oul farm Proenw our wey is wade muen 
clearer. “*e now have a true wave disturbance notwithstanding the 
fact that, the structure aloft ie rather complex. It in now lo ical 
te predict that this system will move fairly rapidly in Ue direction 
indicated by the warm sector leobars.and by the relative pressure 
tendencies. Tinee the moisture content in thin area, particulerly in 
the lover laycre, shows sigme of incromeing ae reli as tending to 
move u2-—slone and since our warm front is intensifying we snrould ex- 


pect a nrecinitation should start shortly. 


bet ve now decide whether tho eyetem will desven or Till. Bee 
hind the cold front tho winds are moderate to freah ani rince the 
movement cf the front is unopposed by any preemsure sradient we ehould 
expect the cold front to move fairly rapidly. On the other hend, the 
motion of tre warm front ie directed against a fairly seod pressure 
gradient. It appeers certain then that the system will ccelide. The 
ecclusion procesa will tend to deepen the eyetdm as opposed to ite 
present filling tendency caused by the adveetion of cold air. “hone 
two conflicting forces cavee us to decide that the syetem will approx- 
imately meintain ite present, intensity. What, then, should a forecase 


ter in Boston, say, expect for hie erea from this system. Taking the 
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above analysis al] in all, he could logically expect some snow but 
not a very viclent storm. Whether the system will pass to the north 


of that atation or to the seuth is impossible to say at this 4imee 


November C3rde FeM- 





On the surface mep, °3, for this period we note that the 
develomaents heve taken place in seneral along the lines expected. 
The cyclone has mintained its intensity or possibly has filled 
elightly. ‘The direction of motion of the system has been » little 
to the enet of that predicted which would sugsest, that the storn 
center will now pees to the south of Boston. The pressure tenien= 
cles subatantiate this aseevmption, A warm front type of precipite 


ation has started which hes been in light amounts cnly so for. 


tn interesting feature of this map is the cessation of preeipi= 

tetion to the southwest of the center. It is difficult to explain 
this fren the surface map alone but if we go to the 300 ° isene 
tropic chart, “7, for this date the anower becomes more apparent. 

At that time the broad inlend of dry air extending from South 
Carclina to Missiseippi in sean curving into the rain area in an 
anticyclonic fashion. It is evident that this dryness is respon- 
sible for the ceesation of rains Going back to the P.Ne surface 


Bap ve note evidence of a wave disturbance forzing over th east- 
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ern Culf resion. “ence we can expect thet precipitation will 


econ resume in the Gulf stetes. 


November 24th. Aebie 
he surface map, “4, for this period shown our disturbance 

centered over 2hode Island with a lowest pressure of 29.84 which 
fie about the same as it was 24 and 48 heurs ago. The systen 

has traveled approximately 1000 riles in 24 hours which indicates 
@ speed a little in excess of that anticipated althouch the rave 
character of ite frontel pattern sugsented that its movenent 
would be rapid. Snow is still falling as a result of warm front 


action. 


In the Gulf of Mexico we note that the new wave disturbance 
has continued to develop and that rain is asain falling in the 


Gulf statese 


The other features of the map, while interesting, are not 


pertinent to the analysis and will not be examined. 
On the 500° surface, *9, for this date we find that the 


rapid movemen4 which has characterized our current, systems has 


continued. ‘he axis of the mogst current which we have been 
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following now lies off the coast. “The moisture found in the 
vicinity of ovr disturbance is quite low which suggests that 
the snow is falling from lower levelea.e. The dry current which, 
the day before, lay over Minnesote is now over “est 'irginia. 
Throush mixing, a dry *island® over New Mexico and Colorado 


has been detached from this same dry tongue. 


The 285 ° surface, #10, shows the currents at lower levels. 
Tt is observed that the moisture in the vicinity of our disture- 
hanes is richer than in the 300° surface and that there is no 
dry “"island® detached from the dry current source. /side 
from these minor variations the other features of concern in 


thie invenrtice: on are the seme. 
S 


The Cakland=Boston cross sections #18, reveals the up-slope 
distribution of the moisture between Yashington and Bostens. Over 
the latter station the specific humidity increasee fran 2.2 crams 


at the surface to 3.1 at 1300 meters. 


The other cross sections for the 24th., “17 and “19, do not 
intercept the disturbance with which we ere concernei. They ere 
included to make the series complete so that if one is interest= 
ed in other feetures of the situetion he might well wish to use 


them for reference. 
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Y Some Interestin: Features of the Uoper Level 


Pressure Maps. 


fk evyclone that extends well up into the atrosphere is ordinarily 
the "cold core* tyne composed cf a more or less homecenecus air mags 
circulating around ea center. ‘This type usually moves very slowly or 
remains stationery. ne disturbance which we have been examining ex= 
tends urward at least 14,000 ft. but its other properties are clear 


ly different. 


An examination of the 5,000, 10,000 and 14,000 ft. pressure mans, 
49%, %24 and £25, for November 23rd. disclose a well marked warm secte- 
or. On the whole, the winds and temperatures fit this representation 
well. As may be checked by the Cakland=Seston cross section, #15, 
fer the 23rd. the air in the warm sector is Npp, that to the north 


and east of the center is Pe and that to the west is Pp. 


The movement of the center is rapid at all levele. Taking the 
10,000 %. level as an example, the successive positions of the center 
on the 22nd., 23rde, and 24th. are Montana, Iowa, and the state of 
New York reenvectively. In other worde it followed the surface Low. 
The axis of the disturbance at all times was inclined to the north- 


weste 
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Further, it is to be noted that the cyclonic intensity was sreat=- 
er at 3,000 ft. than at the surface while at 10,000 and 14,000 ft. it 
was at least as well marked as at the surface. In this reature it ie 
similar to a “cold core" cyclone but, from the above considerations, 


it ia impossible to classify it as such. 


Anether peint of interest in this investizetion is the 24-hour 
pressure chanzes at the various levels. Tharts '25, 27; and /'23 for 
the 5,000, 10,000 and 14,006 ™. levels reepectively on the 23rd. are 
of eigiificance when compared to u!@ 24-hour pressure changes at the 
surface. “thle the latter shows prosaure rises in the vicinity of 
eur disturbance all otter levels show preesure fuile. Tiiis can only 
mean that there has been an advection of ware air aloft and cold air 
at lower levels and thet the effects of the cold air on tre aurface 
pressure has mere than offset that of the warm aire ([urtherysy sinee 
the mignitude of the falls increascs with elevation up to tne 14,000 
fie lovel it follovys that the warm air advection was above +t. mt levele 
Another explanation of the falling pressure aloft is that divergence 


of mass has taken place. 












veer fe ler Of) oP FI? Bele OS ue” 6! 4 aeons 

02 0) AS bow Re on eh kee Beet as all A) Get de ve 
OM ome) €b0 ©) reer eel) de te heer EPO beled 86 bee 
(ee ides COSY eer ort Lt omtinge “eee ite » a "Ag Auto 


cow oe 0) (Tikeats or ODOT! of Ws 





ome RO ON AL mnt LReea! AB! Wy eevettl Yr. eine even 
ee TP Pm eee refer) mal ned oll fe ee rules 
Oe SUS eth et (ete tfperery ems oft Ome kee SO ORR a 
Or ke Cn Ommdeey UT et! ae benagel ele pet ihe te 
ee in Ribas ee certs ery exes cel ind ot! aga rat 
ee Sa ae 
ie ee ee 
ew ee & Ereetls ow Reet me eh ee | 
(mr we he Oni eeete ey woes yang 
oe) nd 'sg eabbeveds dive qusemal offi utd vo eam 
—, 2 ee ee eres 1h) oper ant er emo din © donnl. 4 
— <t FOALS PRaeeRy be ItOT td Yo midemnnere 

: — er | Se ee eee 
[——————— EP — <> ae i - . 
= A i Mi a 


<< ¢ a <8 «td 5 ae 





















, 
a. 
- 


a 

























: 


= 
p a 
— 





a 
_ 











- 























_ =, 


ia 
Gi ~ <aeme —— _ 
=> 









_ 


as 


VI Summary and Conclusions 


On November 22, 1936 a secondary disturbance was forme! over 
Mehrasia in the eoutheastern quadrant of a cyclone centered over 
northeastern Montena. The formation of this secondary was unusual 
in that it eecured in a recion which, according to the surface 
weather maps, was without fronts. The analysis of upper air data 
for this period has shown that the formation of tlis secondary 
was closely associated with tne upper level transport of &@ warm 
current and, behind it, a markedly colder current of maratine polar 
air. Thus, the study of the structure of the upper air lead to the 
insertion into the surface analysis of an uppor cold front -—= the 
advance portion of a warm front type ccclusion.e. This secondary dis- 
turbance formed a circulation of its own and soon beceme the dominant 


cyclonic system. 


On the 23rd. the cyclone moved to @ position over Tllinois but 
displayed on that morning a definite filling tendaney. It was ascer= 
teined by comparison of the inentropie charts for the 22nd. end the 
25rd. that the warm air aloft, which hed presumably caused tne cyclo= 
genesis, had been modified to sume extent by mixing with colder aif. 
The cold air, in contrast to the warm air, was still open to its 


source and undoubtedly would have filled the system were it not fer 
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two phenomena, brought to light mainly through the isentropic analyeis 


of the upper air daitae 


iret a tongue of moist, warm air from the Culf of lexico began 
to feed tne system a new supply of energy.» Althouga tris supply was 
subjected to isentropie mixing with the dry tongue suificient neistur 


and warmti were available to contribute to the energy of tne cyclone, 


and possibly to enter into the condeneation process. 


“he second influence, probably of more significance, was aotive 
frontogenesis. Tis lead to tne development of a wave disturbance 
miieh could clearly be identified in the surface charts. 1 hrouga dyn= 
amie effects, the potential temperature surfaces in the vicinity of 
the cyelone's warm front were inclined at a sreater angle to the ground, 
and a packing of these surfaces took ;lace. In this manner the warm 
front was intensified. In addition, a cold front at tne surface was 
formed by advection of cold air of Canadian origin and by evaporation 


of falling snow in the ag behind the occluded front. Jnese Wo 
fronts formed « «ve cyclone which traveled rapidly to the caste It 
should be emphasized that the frontogenetie process wus Jiscovered 


primarily in tue upper air cata through an isentropic anelysise 


The cross sections showei that tne basic isentropic chart for @ 
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potential temperature surface of 300° wae not reprerentative of the 
lover atmosnherie layers wherein the important action was poing on. 
A more representative isentropic s»eet for the value of 285° wae con- 
structed, end through this chart it was possible 4o identify a region 
in which rapid up=-slope movement of air was progressing. the dis- 
covery of this phenomenon at the time of the forecast would undoudt=~ 


edly have lead to a more accurate prediction of the enow which ensued 


within 12 hours. 


Although this disturbance never became very deep (it maintained 
an approximately constant pressure at the center of 20.62 inches), 
it extended well up into the atmosphere. Upper lovel pressure maps 
revealed tt the cyclone fas not of the homogeneovs “cold core® 
type but nad a clear-cut warm sector up to the hishest level investi-=- 


gated (14,000 ft.). 


Upper level preseure change maps prove that the advestion of 
warm air took place aloft while that of cold air took place et lower 
levels. “The effect of the cold air was so potent that it completely 


masked the activity aloft. 
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As a result of this investigation and from experience gained dur~ 


Hoe 


me tne daily sap discussicn at the bacsachusetts Institute of Tech= 


etheds are used that are employed in this 


cs 


no:czy in which tne same : 


~vhesis, certain facis stand out: 


Fewer errore would be made and much less indiviluel iudrcement 
wo ld be required in making the isentroniec analysis if the number 
of serolorical stat.ions were doubled. It is felt thet the placing 
of the cresent stations is excellent. If their number were incrensoc 
considerably the treatment of upver air data could be left less to 


the imagination of the synoptic meteorologist. 


Tt is observed thet during the winter (and the weather situation 
here analysed approximated winter conditions) the currents of moist 
and dry air move comparatively repidly. Under thece conditicons it is 
often difficult to predict their rositions 24 hours in advance, or 
even locate the source of these currents on the isen*repic charts. 

If aerological soundings were made every 12 hours it is reasonably cer- 
tain that weather forecasting would be improved. Under cwaner cone 
ditions the current movements are much slower, and isentrcpic anaiysis 
during this scason is found more helpful than in winter. it is bele 


peved that, it eould be made equally helpful in the winter if the fre= 


quency of observations were increesed. 
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In order to plot the upper gir data in a form suitable for 
an isentropic analysis, certain computed quantities are necessary. 
One of these, specific humidity, is transmitted through the stand- 
ard Weather Bureau Code. Another equally important quantity, poten- 
tial temperature, is not so provided for. Thus potential tempera- 
ture must be laboriously computed for all soundings. This greatly 
delays the preparation of the isentropic analysis. It would be of 
considerable advantage if these values Were computed during the in- 
dividual evaluations of aerological ascents and then included in 
the code. Moreover, it would not be difficult for the evaluation 
corps to send in the characteristic values of specific and relative 


humidity at one or two chosen isentropic surfaces. 


During this investigation the practical use of the isentropic 
concept has been of great value. It is true that in order to make 
such an analysis daily with accuracy and despatch a certain amount 
of experience is necessary. It is also true that experience is 
necessary in order to develop technique in the use of the Norwegian 
methods of analysis. Undoubtedly isentropic analysis is a valuable 
adjunct to frontal methods and is therefore worthy of serious con=- 


sideratione 
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